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Tablica 1. Validacija L*, a*, b* koordinata boja i ostvarene ΔE00 
vrijednosti (prema A-kategoriji norme ISO/TS 19264-1:2017) profila 
generiranog za ukriženu polarizaciju (izradio Lj. Gamulin, 2020.)
Validation of L*, a*, b* colour coordinates and achieved ΔE00 
values (according to category A of ISO/TS 19264-1:2017) of the 
profile generated for cross-polarisation (Lj. Gamulin, 2020)
ΔE 2000 Mean Deviation Peak
Standard 
Deviation
All 0.48 2.53 0.71
Uniformity 0.00 0.00 0.00














































1. Shematski prikaz bljeskalice i fotoaparata u odnosu na snimani predmet. Izvor svjetlosti je filtriran linearnom polarizacijskom folijom. 
Svjetlost koja se odbija od predloška i dolazi do fotoaparata prolazi kroz cirkularni polarizator (izradio Lj. Gamulin, 2020.)
Diagram of the flash and camera relative to the subject. The light source was filtered with a linear polarizing foil. The light that bounces off 
the template and reaches the camera passes through a circular polarizer (Lj. Gamulin, 2020)
































































       
Max = 0.64  (relative to 1 for pixel 255) [32x32 pxls areas]
Corners: worst = 0.525 (82%);  mean = 0 .56 (87.5%)
Sides: 0.598 (93.4%)  0.572 (89.3%);  mean = 91.3%
Max = 0.64  (relative to 1 for pixel 255) [32x32 pxls areas]
Corners: worst = 0.635 (98.6%);  mean = 0.64 (99.4%)










Lens: 85 mm f/1.8
ColSp: Adobe RGB (1998)
2. Trodimenzionalni grafički prikaz i zabilježene vrijednosti raspodjele svjetljivosti Y (luminancije) na površini snimanog polja prije i nakon 
aplikacije LCC profila (izradio Lj. Gamulin, 2020.)
Thr e-dimensional display and recorded values of luminance distribution Y on the surface of the photographed field before and after the 
implementation of the LCC profile (Lj. Gamulin, 2020)
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Vanjski kvadrat (polje 1) prikazuje fotografiran uzorak boje. Središnji 
kvadrat (polje 2) prikazuje referentnu vrijednost uzorka s korekcijom 
ukupne svjetljivosti (luminance) testne karte izražene kroz HSL 
geometriju boje. Najmanji kvadrat (polje 3) prikazuje idealnu vrijednost 
uzorka boje bez primjenjene korekcije svjetljivosti. 
The outer region (zone 1) is the patch as photographed. The square in 
the center (zone 2) is the reference value of the patch, corrected for the 
luminanceof the photographed chart. The small rectangle (zone 3) to the 






Adobe RGB (1998) / Exposure error = 0.27 f-stops Adobe RGB (1998) / Exposure error = 0.38 f-stops
Adobe RGB (1998) / Exposure error = 0.02 f-stops
Exp: 1/160 / Aper: 5,6 / ISO: 64 Exp: 1/160 / Aper: 5,6 / ISO: 64
Exp: 1/200 / Aper: 5,6 / ISO: 200
b) test_0195.tifa) test_0194.tif
c) test_0197.tif
3. Prikazi ostvarenih, referentnih i idealnih boja testne karte: a) fotografija bez polarizatora i s tvorničkom karakterizacijom fotoaparata, 
b) fotografija s ukriženom polarizacijom i s tvorničkom karakterizacijom fotoaparata, c) fotografija s ukriženom polarizacijom i novom 
karakterizacijom (izradio Lj. Gamulin, 2020.)
Comparative display of achieved and ideal test-chart colours: a) photo without polarizer and with factory camera characterisation; b) photo 
with cross-polarisation and factory camera characterisation; c) photo with cross-polarisation and new characterisation (Lj. Gamulin, 2020)
4. Usporedni prikaz fotografirane slike: a) fotografija bez polarizatora i s tvorničkom karakterizacijom fotoaparata, b) fotografija s 
ukriženom polarizacijom i s tvorničkom karakterizacijom fotoaparata, c) fotografija s ukriženom polarizacijom i novom karakterizacijom 
(snimio Lj. Gamulin, 2020.)
Comparative display of a photographed painting with thick impasto: a) photo without polarizer and with factory camera characterization; 
b) photo with cross-polarisation and factory camera characterisation; c) photo with cross-polarisation and new characterisation (Lj. 
Gamulin, 2020)
a) test_0194 b) test_0195 c) test_0197
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Mean camera chroma (saturation) = 112.8%
Color errors: C 00 :  mean = 2.47;  max = 5.66
C 00 chroma corr:  mean = 2.04;  max = 4.83
E00:  mean = 3.75;  max = 5.85
W Bal (Zones 2-5) C 00  = 1.3
Adobe RGB (1998) (D65)
Mean camera chroma (saturation) = 122.3 %
Color errors: C 00 :  mean = 3.12;  max = 6.52
C 00 chroma corr:  mean = 2.16;  max = 4.93
E00:  mean = 5.19;  max = 10.4
W Bal (Zones 2-5) C 00  = 1.4
Adobe RGB (1998) (D65)
Mean camera chroma (saturation) = 100.4 %
Color errors: C 00 :  mean = 0.908;  max = 1.73
C 00 chroma corr:  mean = 0.909;  max = 1.73
E00:  mean = 1.32;  max = 2.69
W Bal (Zones 2-5) C 00 = 1.1
Adobe RGB (1998) (D65)




































































































































































































































































































5. Grafički prikazi kolorimetrijskih razlika ΔE00 i ΔC00 na ravnini 
a*b* CIELAB prostora boja: a) fotografija bez polarizatora 
i s tvorničkom karakterizacijom fotoaparata, b) fotografija 
s ukriženom polarizacijom i s tvorničkom karakterizacijom 
fotoaparata, c) fotografija s ukriženom polarizacijom i novom 
karakterizacijom (izradio Lj. Gamulin, 2020.)
Color differences ΔE00 and ΔC00 on the a*b* plane of CIELAB 
colour space: a) photo without polarizer and with factory camera 
characterisation; b) photo with cross-polarisation and factory 
camera characterisation; c) photo with cross-polarisation and new 
characterisation (Lj. Gamulin, 2020)


























izvorniku (sl. 3 i 4).
Objektivne mjerne vrijednosti
Kolorimetrijske razlike predstavljene su CIELAB pro-






















































1.  O geometriji položaja rasvjetnog tijela i snimanog predmeta 
vidi: ISO 14524:2009, 2009. Nasuprot navedenom, smjernice 
Američkoga društva za konzervaciju (JEFFREY WARDA, 2017.) 
definiraju obaveznu geometriju svjetlosti 25°. Ona je nekom-
patibilna sa smjernicama FADGI, Metamorfoze te sa svim ISO 
normama koje obrađuju digitalni fotografski zapis te zbog objek-
tivnih razloga u ovom radu neće biti razmatrana. 
2.  Općenito o tehnici dominantnog osvjetljenja u: DENIS VOKIĆ, 
2019., 17–12.
3.  ANSI/IES RP-30-17, 2017., 28, 43.
4.  ANDY ROWLANDS, 2017., 3-34–3-39.
5.  DENIS VOKIĆ, 2019., 37–39.
6.  Odluka za korištenje aplikacije Capture One umjesto jednako 
učinkovitih programa kao što su Photoshop ili Lightroom donesena 
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je ponajviše zbog praktičnijeg načina rada prilagođenog automa-
tiziranom digitaliziranju umjetničkih djela. 
7.  RALPH JACOBSON, SIDNEY RAY, GEOFFREY G. ATTRIDGE, 
NORMAN AXFORD, 2000, 186–189.
8.  DT DIGITIZATION GUIDE, 2017., 12.
9.  Za detaljan način izrade LCC profila unutar programa Capture 
One vidi DT DIGITIZATION GUIDE, 2017., 21–23.
10.  Zabilježene vrijednosti izračunate programom Imatest 
odnose se na kanal svjetljivosti definiran kao Y = 0,30*R + 
0,59*G + 0,11*B.
11.  Neujednačenost osvjetljenja snimanog polja u vrijedno-
stima ΔL* prema normi ISO 17321-1:2012 iznosi ≤ 2 (≤ A3) i 
≤ 5 (A2 – A0) za kategoriju A te ≤ 2 (≤ A3) i ≤ 6 (A2 – A0) za 
kategorije B i C, prema smjernicama FADGI**** iznosi < 3, a 
prema smjernicama Metamorfoze za sve kategorije iznosi 3 
(A4 – A3) i 6 (A1 – A0).
12.  ISO 17321-1:2012, rev. 2017.
13.  KEITH BORRINO, FERNANDO VOLTOLINI DE AZAMBUJA, 
NITIN SAMPAT, J. A. STEPHEN VIGGIANO, 2017., 35.
14.  MAJA STRGAR KUREČIĆ, DARKO AGIĆ, LIDIJA MANDIĆ, 
2007., 49–50; MAJA STRGAR KUREČIĆ, DARKO AGIĆ, LIDIJA 
MANDIĆ, 2011., 317–331.
15.  S obzirom na to da je umjetnina fotografirana u ovom testu 
slikana uljanim bojama u pastoznim nanosima, a površina nije 
lakirana, za test je odabrana testna karta CCPP s matiranom 
površinom. 
16.  LJUBO GAMULIN, 2019., 159–170.
17.  Za CIE L*a*b* vrijednosti CCPP karte proizvedene nakon 
2014. godine vidi: https://xritephoto.com/ph_product_overview.
aspx?ID=2572&Action=Support&SupportID=5159&catid=158 
(17. kolovoza 2020.).
18.  AdobeRGB kolor-profil preporučen je normom ISO 
12640-4:2011
19.  Monitor je kalibriran na iluminat D65, odaziv tona L*, svje-
tlinom bijele 120 cd/m2, sa srednjom kolorimetrijskom razlikom 
ΔE00 =1,06. Više o kalibraciji monitora ISO 12646:2015, 2015.
20.  MARK D. FAIRCHILD, 2006., 80–82.
21.  ISO 17321-1:2012, rev. 2017., anNex C.
Norme i smjernice
ANSI/IES RP-30-17, Recommended Practice for Museum Lighting, 
2017.
HANS VAN DORMOLEN, Metamorfoze Preservation Imaging 
Guidelines, 2012.
Federal Agencies Digitization Initiative (FADGI) – Still Image 
Working Group, Technical Guidelines for Digitizing Cultural Heri-
tage Materials: Creation of Raster Image Master Files, 2016.
ISO 12640-4:2011, Graphic technology – Prepress digital data 
exchange – Part 4: Wide gamut display-referred standard colour 
image data [Adobe RGB (1998)/SCID], rev. 2016.
ISO 12646:2015, Graphic technology — Displays for colour proo-
fing — Characteristics, 2015.
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Summary
Ljubo Gamulin
CROSS-POLARISATION AND CHARACTERISATION OF DIGITAL STILL CAMERA (DCS) WITH COLOUR 
TEST TARGETS
This paper focuses on the use of cross-polarisation for 
documenting works of art with photographs, specifically 
for paintings made using the impasto technique at a ge-
ometry of light from 30°/0° to 45°/0°. In situations where 
it is necessary to emphasize the ridges of impasto paint 
layers of artistic two-dimensional objects, the technique 
of dominant lighting on the left or above in relation to the 
original is usually used. In addition to the lack of uneven-
ness of the photographed surface, which is regulated by 
brightness uniformity, the geometry of light on the ridges 
of impasto paint layers can cause unwanted reflections. 
These can be removed by moving the light source, using 
a sharper lighting angle, or using a lens with a longer fo-
cal length, but this cannot be done if photographing in a 
confined space. Therefore, photographers use the tech-
nique of cross-polarisation, in which, due to dichroism 
(selective absorption of light), the reflection in the paint-
ing is completely removed. The main disadvantage of 
this technique is the ‘suffocation’ of the character of gold 
and silver and the effect of ‘beautification’, i.e. enhanced 
contrast and colour saturation in relation to the original.
In order to minimize the deviation of original colours 
from the obtained master file, usually present when us-
ing cross-polarized light,  the digital still camera (DSC) 
characterisation techniques for photographing colour test 
targets should be used. Test photographs were taken un-
der controlled conditions in a photographic studio using a 
DSC and a studio flash. The same work of art was photo-
graphed in three ways: without the use of polarizers and 
with factory characterization, with cross-polarisation and 
factory characterization, and with cross-polarisation and 
new characterisation. In addition to a visual comparison 
of the originals and master files, the color differences of 
the reference values of the CCPP test chart photographed 
with the artwork were also compared. The proposed 
method gave the least number of errors regarding color-
imetric values, and met the criteria of the standard ISO/
TS 19264-1:2017 and other photographic guidelines for 
digitization of cultural heritage.
keywords: photography, digitization, cross-polarisation, 
DSC characterisation, color difference
